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$\{\begin{array}{l}\text{ } u=A(u, v, Du, Dv),\text{ } v=B(u, v, Du, Dv),u(O, x)=u_{0}(x), \partial_{t}u(0, x)=u_{1}(x),v(O, x)=v_{0}(x), \partial_{t}v(0, x)=v_{1}(x).\end{array}$ (1.1)
, $(t, x)\in \mathbb{R}^{2},$ $u(t, x),$ $v(t, x),u_{0}(x),u_{1}(x),v_{0}(x),v_{1}(x)$ , $\square \equiv\partial_{t}^{2}-\partial_{x}^{2}$
. , ,
$A(u, v, Du, Dv)$
$=h_{1}(u,$ $v)Q_{0}(u,$ $u)+h_{2}(u,$ $v)Q_{0}(u,$ $v)+h_{3}(u,$ $v)Q_{0}(v,$ $v)+h_{4}(u,$ $v)Q_{1}(u,$ $v)$ (12)
$B(u, v, Du, Dv)$
$=h_{5}(u, v)Q_{0}(u, u)+h_{6}(u, v)Q_{0}(u, v)+h_{7}(u, v)Q_{0}(v, v)+h_{8}(u, v)Q_{1}(u, v)$ (13)
( 16 ) , $h_{j}(u, v)(j=1,2, \ldots, 8)$ $u$
$v$ , $Q_{0}(f,$ $g),$ $Q_{1}(f,$ $g)$ $(($ 1.5 $)$ $($ 1.6 $)$ $)$
$Q_{0}(f, g)=(\partial_{t}f)(\partial_{t}g)-(\partial_{x}f)(\partial_{x}g)$ ,
$Q_{1}(f, g)=(\partial_{t}f)(\partial_{x}g)-(\partial_{x}f)(\partial_{t}g)$
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. . , H\"ormander [6]
(wave front set) .
, $u(x)$ $x_{0}\in \mathbb{R}^{n}$ $C^{\infty}$ $\phi(x_{0})\neq 0$
$\phi(x)\in C_{0}^{\infty}$ , $N\in \mathbb{N}$ $N$ $C_{N}$
,
$\langle\xi\rangle^{N}|\hat{\phi u}(\xi)|\leq C_{N}$
. , $\langle\xi\rangle=\sqrt{1+|\xi|^{2}}$ $\hat{u}=(2\pi)^{-n’ 2}\int e^{-ix\cdot\xi}u(x)dx$
. .
1.1 ( ) $u\in S$‘ . $(x_{0}, \xi_{0})\in \mathbb{R}^{n}\cross(\mathbb{R}^{n}/\{0\})$ $\sim$
, $\xi_{0}$ (conic neighborhood)K $\phi(x_{0})\neq 0$ $\phi\in C_{0}^{\infty}(\mathbb{R}^{n})$
, $N\in \mathbb{N}$ $N$ $C_{N}$ ,
$\langle\xi\}^{N}\chi_{K}(\xi)|\hat{\phi u}(\xi)|\leq C_{N}$
. $(x_{0}, \xi_{0})\not\in WF(u)$ . , $\chi_{K}(\xi)$ $K$
, , $\xi\in K$ $\chi_{K}=1,$ $\xi\not\in K$ $\chi_{K}=0$
.
( ) $\xi\in \mathbb{R}^{n}’\{0\}$ . $K\in(\mathbb{R}_{\xi}^{n}\backslash \{0\})$
, $t>0$ $\xi\in K$ $t\xi\in K$ ,
.
, (null bicharacteristic) .
12 ( ) $p(x, \xi)$ $P(x, D_{x})$ . $p(x_{0}, \xi_{0})=$
$0$ $(x_{0}, \xi_{0})$ ,
$\frac{dx}{ds}=\frac{\partial p}{\partial\xi}(x, \xi),$ $\frac{d\xi}{ds}=-\frac{\partial p}{\partial x}(x, \xi)$ $x(0)=x_{0},$ $\xi(0)=\xi_{0}$
$x(s),$ $\xi(s)$ .
13 $\Gamma$ . $p(t, x, \tau, \xi)=\tau^{2}-\xi^{2}$ ,
$dt/ds=2\tau,$ $dx/ds=2\xi,$ $d\tau/ds=0,$ $d\xi/ds=0$ . , $|\tau_{0}|=\pm|\xi_{0}|\neq 0$
$(0, x_{0}, \tau_{0}, \xi_{0})$ $\square$ , $t=2\tau s,$ $x=2\xi s+x_{0z}\tau=\tau_{0}$ ,
$\xi=\xi_{0}$ , $s$ , $x=x_{0}-(\xi_{0}’\tau_{0})t$ .
H\"ormander [6] , $u=0$ , $u$ $WF(u)$ $\square$
. , $(\mathbb{R}_{t}\cross \mathbb{R}_{x}^{n-1})\cross((\mathbb{R}_{\tau}\cross$
$\mathbb{R}_{\xi}^{n-1})\backslash \{0\})$ 1 $(t_{0}, x_{0}, \tau_{0}, \xi_{0})$ $WF(u)$ ,
33
( $u$ ) $WF(u)$ .
, ,
. 1979 , 1980 JRauch , M.Reed , $\square u=f(u)$
$u$ ,
. , 1980




14 ( ) $u\in S$‘, $\Omega$ $\mathbb{R}^{n}$ . $u\in H_{loc}^{s}(\Omega)$ ,




15 ( ) $u\in S’$ $(x_{0}, \xi_{0})$ $H^{r}$ ,
$\xi_{0}$ $K$ $\phi(x_{0})\neq 0$ $\phi\in C_{0}^{\infty}$ ,
$\langle\xi\}^{r}\chi_{K}(\xi)|\hat{\phi u}(\xi)|\in L^{2}(\mathbb{R}^{n})$
. $u\in H_{ml}^{r}(x_{0}, \xi_{0})$ .
,
.
$u=F(u,$ $Du)$ $(F\in C^{\infty})$ $($ 1.4 $)$
$u$ $H_{loc}^{s}(\Omega)\cap H_{ml}^{r}(t_{0}, x_{0}, \tau_{0}, \xi_{0})$ , $s$ $r$
$(t_{0}, x_{0}, \tau_{0}, \xi_{0})$ ( $u$
) $H_{ml}^{r}$ . $s$ $r$
, .
$\bullet$ 1981 J.M.Bony [5]
$\bullet$ 1982 M.Beals and M.Reed [4]
$\bullet$ 1985 M.Beals [3]






, $n$ . ,
, $s,$ $r$ . S.Ito [8]
, $F(u, Du)$ , $n/2<s<$




16( ) $F(u, v)$ . ,
$u,$ $v$ $I=1,2,$ $\ldots,p,$ $i=1,$ $\ldots,$ $n$ , $u=(u^{I}),$ $v=(v_{i}^{I})$ , $(u, v)\in \mathbb{R}^{p}\cross \mathbb{R}^{np}$
. , $F(u, v)$ , $(u, v)$ $X_{1}^{2}- \sum_{i=2}^{n}X_{i}^{2}=0$





$x^{n-1})$ . $F(u,$ $Du)$ , $Du$
2 , $Du$ 2 (null form)
$Q_{0}(u^{I}, u^{J})=(\partial_{t}u^{I})(\partial_{t}u^{J})-(\nabla_{x}u^{I})\cdot(\nabla_{x}u^{J})$ (1.5)
$Q_{ab}(u^{I}, u^{J})=(\partial_{a}u^{I})(\partial_{b}u^{J})-(\partial_{b}u^{I})(\partial_{a}u^{J})(1\leq a<b\leq n)$ (1.6)
1 . , $\partial_{n}=\partial_{t},$ $\partial_{i}=\partial_{x_{i}}(i=1, \ldots, n-1)$ .
, . ,
, ([8] ) .
, S. Klainerman-M. Machedon [11]
, M. Beals [3]
. $X^{s}$
$X^{s}=\{f(t, x)\in S’|f|_{t=0}\in H^{s}(\mathbb{R}),\partial_{t}f|_{t=0}\in H^{s-1}(\mathbb{R})a(t)f(t,x)\in H^{s}(\mathbb{R}^{2})for^{\forall}a(t)\in C_{0}^{\infty}(\mathbb{R})\Vert\square f(t,x)||_{X_{1}^{s-1<\infty}}$
”
$\}$ (1.7)
. , $\Vert f(t, x)\Vert_{X^{s}}=\Vert f|_{t=0}\Vert_{H^{s}(\mathbb{R})}+\Vert\partial_{t}f|_{t=0}\Vert_{H^{s-1}}(\mathbb{R})+\Vert\square f(t, x)\Vert_{X_{1}^{s-1}}$
$\Vert F(t, x)\Vert_{X_{1}^{s=}}\Vert\langle D_{x}\}^{s}F(t, x)\Vert_{L_{t,x}^{2}}$ . ,
.
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17( ) $3/2<s\leq 2$ . $u_{0},$ $v_{0}\in H^{s}(\mathbb{R}),$ $u_{1}$ ,
$v_{1}\in H^{s-1}(\mathbb{R})$ $T$ , $(u, v)\in\{X^{s}\cap L^{\infty}([-T, T];H_{x}^{s})\}\cross$
$\{X^{s}\cap L^{\infty}([-T, T];H_{x}^{s})\}$ (1.1) .
, .
18( ) $(u, v)\in\{X^{s}\cap L^{\infty}([-T, T];H_{x}^{s})\}\cross\{X^{s}\cap L^{\infty}([-T, T];H_{x}^{s})\}$
$($ , $3/2<s\leqq 2)$ 1.7 , $\square$
$\Gamma$ $(0, x_{0}, \tau_{0}, \xi_{0})$ $(u, v)\in H_{ml}^{r}(0, x_{0}, \tau_{0}, \xi_{0})\cross H_{ml}^{r}(0, x_{0}, \tau_{0}, \xi_{0})$ .
, $r<2s-1$ , $|t|<T$ $t$ $(u, v)\in H_{ml}^{r}(\Gamma)\cross H_{ml}^{r}(\Gamma)$
.
$($ ) $s>2$ .
2
, $X_{1}^{s-1}$ .
, $Q_{0}(u, v),$ $Q_{1}(u, v)$
$Q_{0}(u, v)= \frac{1}{2}\{(\partial_{t}+\partial_{x})u\cdot(\partial_{t}-\partial_{x})v+(\partial_{t}-\partial_{x})u\cdot(\partial_{t}+\partial_{x})v\}$, (2.1)
$Q_{1}(u, v)= \frac{1}{2}\{(\partial_{t}-\partial_{x})u\cdot(\partial_{t}+\partial_{x})v-(\partial_{t}+\partial_{x})u\cdot(\partial_{t}-\partial_{x})v\}$ (2.2)
. , $Q(u, v)$ $Q_{0}(u, v)$ ,
$Q_{1}(u, v)$ , $a(t)$ $C_{0}^{\infty}(\mathbb{R})$ , $|t|\leq 1’ 2$
$a(t)=1,$ $|t|\geq 1$ $a(t)=0$ , $T>0$ $a_{T}(t)=a(t/T)$
. .
2.1 $3/2<s\leq 2$ , $f,$ $g\in H^{s-1}(\mathbb{R})$ ,
$\Vert a_{T}(t)f(x+t)g(x-t)\Vert_{X_{1}^{s-1}}\leq c\sqrt{T}\Vert f\Vert_{H^{s-1}}\Vert g\Vert_{H^{s-1}}$ , (2.3)
. , $C$ $s$ $a(t)$ .
. $s-1>1/2$ , $fg\in H^{s-1}(\mathbb{R})$ . ,
$\Vert a_{T}(t)f(x+t)g(x-t)\Vert_{X_{1}^{s-1}}\leq\Vert a_{T}(t)\Vert\langle D_{x}\rangle^{s-1}(f(x+t)g(x-t))\Vert_{L_{x}^{2}}\Vert_{L_{t}^{2}}$
$\leq C_{s}\Vert a_{T}(t)\Vert_{L_{t}^{2}}\Vert f\Vert_{H^{\epsilon-1}}\Vert g\Vert_{H^{s-1}}$
$\leq C_{s}\sqrt{T}\Vert a\Vert_{L^{2}}\Vert f\Vert_{H^{s-1}}\Vert g\Vert_{H^{s-1}}$ .
36
, $C_{s}$ $s$ . , $C=C_{s}\Vert a\Vert_{L^{2}}$
1
22 $3/2<s\leq 2$ , $(u, v)\in X^{s}\cross X^{s}$ . ,
$\Vert a_{T}(t)Q(u, v)\Vert_{X_{1}^{s-1}}\leq CT’\Vert u\Vert_{X^{s}}\Vert v\Vert_{X^{s}}$ (2.4)
. , $T’= \max\{T^{3’ 2}, T, T^{1/2}\},$ $C$ $s$ $a(t)$
.
. $Q_{0}(u, u)$ ( ).
$u(0, x)=u_{0}(x),$ $\partial_{t}u(0, x)=u_{1}(x),$ $f_{0}(t, x)= \frac{1}{2}\{u_{0}(x+t)+u_{0}(x-t)\}+\frac{1}{2}\int_{x-t}^{x+t}u_{1}(y)dy$
. ,
$a_{T}(t)( \partial_{t}\pm\partial_{x})u=a_{T}(t)(\partial_{t}\pm\partial_{x})f_{0}+2a_{T}(t)\int_{0}^{t}\square u(\alpha, x\pm t\mp\alpha)d\alpha$
. $L_{loc}^{2}(\mathbb{R}, H_{x}^{s-1}(\mathbb{R}))$ . , $f_{0,\pm}=(\partial_{t}\pm\partial_{x})f_{0},$ $u_{\pm}=(\partial_{t}\pm\partial_{x})u$,
$\tilde{u}\pm=2\int_{0}^{t}$ $u(\alpha, x\pm t\mp\alpha)d\alpha$ ,
$\Vert a_{T}Q_{0}(u, u)\Vert_{X_{1}^{s-1}}$
$\leq\Vert a_{T}\tilde{u}_{+}\tilde{u}_{-}\Vert_{X_{1}^{s-1}}+\Vert a_{T}\tilde{u}_{+}f_{0,-}\Vert_{X_{1}^{s-1}}+\Vert a_{T}\tilde{u}_{-}f_{0,+}\Vert_{X_{1}^{s-1}}+\Vert a_{T}f_{0,+}f_{0,-}\Vert_{X_{1}^{s-1}}$
. 1 2.1 ,
$\Vert a_{T}(t)\tilde{u}_{+}\tilde{u}_{-}\Vert_{X_{1}^{s-1}}$
$\leq C_{s}\int_{0}^{T}\int_{0}^{T}\Vert a_{T}(t)\langle D_{x}\rangle^{s-1}\{\square u(\alpha,x+t-\alpha)\square u(\beta, x-t+\beta)\}\Vert_{L_{t,x}^{2}}d\alpha d\beta$
$\leq C_{s}\int_{0}^{T}\int_{0}^{T}\sqrt{T}\Vert a\Vert_{L^{2}}\Vert\square u(\alpha, \cdot)\Vert_{H^{s-1}}\Vert\square u(\beta, \cdot)\Vert_{H^{s-1}}d\alpha d\beta$ (2.5)
$\leq C_{s}T^{3\prime 2}\Vert a\Vert_{L^{2}}\Vert\square u\Vert_{X_{1}^{s-1}}^{2}$ .
,
$\Vert a_{T}(t)f_{0,+}f_{0,-}\Vert_{X_{1}^{s-1}}\leq C_{s}T^{1’ 2}\Vert a\Vert_{L^{2}}(\Vert u_{0}\Vert_{H^{s}}+\Vert u_{1}\Vert_{H^{s-1}})^{2}$ , (2.6)
$\Vert a_{T}(t)\tilde{u}_{+}f_{0,-}\Vert_{X_{1}^{s-1}}\leq C_{s}T\Vert a\Vert_{L^{2}}(\Vert u_{0}\Vert_{H^{s}}+\Vert u_{1}\Vert_{H^{s-1}})\Vert\square u\Vert_{X_{1}^{s-1}}$ (2.7)
$\Vert a_{T}(t)\tilde{u}_{-}f_{0,+}\Vert_{X_{1}^{\epsilon-1}}\leq C_{s}T\Vert a\Vert_{L^{2}}(\Vert u_{0}\Vert_{H^{s}}+\Vert u_{1}\Vert_{H^{s-1}})\Vert\square u\Vert_{X_{1}^{s-1}}$ (2.8)




[9] . , 2 .
$X_{\rho}^{s}=\{f\in X^{s}|\Vert f|_{t=0}\Vert_{H^{s}}+\Vert\partial_{t}f|_{t=0}\Vert_{H^{s-1}}\leq\rho S, \Vert\square f\Vert_{X_{1}^{s-1}}\leq\rho\}$ , (3.1)
$Y_{\rho,T}^{s}=\{f\in L^{\infty}([-T, T];H_{x}^{s})|\Vert f\Vert_{Y_{T}^{s}}\leq\rho\}$ . (3.2)
, $\Vert f\Vert_{Y_{T}^{s=}}\Vert f\Vert_{L^{\infty}([-T,T];H_{x}^{s})}$ . , $M$ .
$M(u, v)=t(\begin{array}{l}M_{1}(u,v)M_{2}(u,v)\end{array})=t(_{g_{0}+\int_{0}^{0_{t}}U(t-\alpha)a_{T}(\alpha)B(u,v;\alpha,x)d\alpha}^{f_{0}+\int^{t}U(t-\alpha)a_{T}(\alpha)A(u,v;\alpha,x)d\alpha})$ . (3.3)
, $U(t) \psi(x)=\int_{x-t}^{x+t}\psi(y)dy,$ $f_{0}(t, x)= \frac{1}{2}\{u_{0}(x+t)+u_{0}(x-t)\}+\frac{1}{2}\int_{x-t}^{x+t}u_{1}(y)dy$,
$g_{0}(t, x)= \frac{1}{2}\{v_{0}(x+t)+v_{0}(x-t)\}+\frac{1}{2}\int_{x-t}^{x+t}v_{1}(y)dy$ . , $A,$ $B$
$A(u, v;t, x)=h_{1}(u, v)Q_{0}(u, u)+h_{2}(u, v)Q_{0}(u, v)+h_{3}(u, v)Q_{0}(v, v)+h_{4}(u, v)Q_{1}(u, v)$
$B(u, v;t, x)=h_{5}(u, v)Q_{0}(u, u)+h_{6}(u, v)Q_{0}(u, v)+h_{7}(u, v)Q_{0}(v, v)+h_{8}(u, v)Q_{1}(u, v)$
. , $T$ , $M$
$(X_{\rho}^{s}\cap Y_{\rho,T}^{S})\cross(X_{\rho}^{S}$ $Y_{\rho,T}^{S})$ . ,
$(u, v),$ $(\tilde{u},\tilde{v})\in(X_{\rho}^{s}$ $Y_{\rho,T}^{S})\cross(X_{\rho}^{S}\cap Y_{\rho,T}^{S})$ ,
$(M_{1}(u, v), M_{2}(u, v))\in(X_{\rho}^{s}\cap Y_{\rho,T}^{s})\cross(X_{\rho}^{S}\cap Y_{\rho,T}^{S})$ , (3.4)
$\Vert M(u, v)-M(\tilde{u},\tilde{v})\Vert_{X^{s}}+\Vert M(u, v)-M(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}$
$\leq\frac{1}{2}\Vert(u, v)-(\tilde{u},\tilde{v})\Vert_{X^{s}}+\frac{1}{2}\Vert(u, v)-(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}$ . (3.5)
, , $(X_{\rho}^{s}$ $Y_{\rho,T}^{s})\cross(X_{\rho}^{s}$ $Y_{\rho,T}^{s})$ $M$ 1
$(u, v)$ , $(u, v)$ (1.1) . ,
.
3.1 $3/2<s\leq 2$ , $(u, v)\in(X_{\rho}^{s}$ $Y_{\rho,T}^{S})\cross(X_{\rho}^{S}$ $Y_{\rho,T}^{S})$ . ,
$\Vert\square M_{\ell}(u, v)\Vert_{X_{1}^{s- 1}}\leq CT’\sum\Vert u\Vert_{Y_{T}^{s}}^{j}\Vert v\Vert_{Y_{T}^{\epsilon}}^{k}(\Vert u\Vert_{X^{s}}+\Vert v\Vert_{X^{s}})^{2}0\leq j+k\leq n$
$(\ell=1,2)$ (3.6)
. , $T’= \max\{T^{3\prime 2}, T, T^{1\prime 2}\},$ $C$ $s,$ $a(t),$ $h_{i}(i=1,2, \ldots, 8)$
, $n$ $h_{i}$ .
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. $\ell=1$ . $M_{1}$ ,
$\Vert\square M_{1}(u,$ $v)\Vert_{X_{1}^{s-1}}=\Vert a_{T}(t)A(u,$ $v;t,$ $x)\Vert_{X_{1}^{s-1}}$
$\leq\Vert a_{T}(t)h_{1}(u,$ $v)Q_{0}(u,$ $u)\Vert_{X_{1}^{s-1}}+\Vert a_{T}(t)h_{2}(u,$ $v)Q_{0}(u,$ $v)\Vert_{X_{1}^{s-1}}$ $($ 3.7 $)$
$+\Vert a_{T}(t)h_{3}(u,$ $v)Q_{0}(v,$ $v)\Vert_{X_{1}^{-1}}+\Vert a_{T}(t)h_{4}(u,$ $v)Q_{1}(u,$ $v)\Vert_{X_{1}^{-1}}$
. $h_{i}(u, v)= \sum_{0\leq J+k\leq n_{i}}c_{j,k}^{(i)}u^{j}v^{k}$ , 22 ,
$\Vert a_{T}(t)h_{1}(u, v)Q_{0}(u, u)\Vert_{X_{1}^{s-1}}\leq C_{s}\Vert\Vert h_{1}(u, v)\Vert_{H_{x}^{s-1}}\Vert a_{T}(t)Q_{0}(u, u)\Vert_{H_{x}^{s-1\Vert_{L_{[-T,T]}^{2}}}}$
$\leq C_{s}\Vert\Vert h_{1}(u, v)\Vert_{H_{x}^{s-i}}\Vert_{L_{[-T,T]}^{\infty}}\Vert a_{T}(t)Q_{0}(u, u)\Vert_{X_{1}^{s-1}}$
$\leq C_{1}T’\sum||u\Vert_{Y_{T}^{s}}^{j}\Vert v\Vert_{Y_{T}^{s}}^{k}\Vert u\Vert_{X^{s}}^{2}0\leq j+k\leq n1^{\cdot}$
$C_{1}$ $s,$ $a(t),$ $h_{1}$ . Ci $(i=2,3,4)$ $s,$ $a(t),$ $h_{i}$
,













$n= \max_{1\leq i\leq 4}n_{i}$ $C= \max_{1\leq i\leq 4}C_{i}$
,




$\Vert M_{1}(u, v)\Vert_{Y_{T}^{s}}\leq CT’\sum\Vert u\Vert_{Y_{T}^{s}}^{j}\Vert v\Vert_{Y_{T}^{s}}^{k}(\Vert u\Vert_{X^{s}}+\Vert v\Vert_{X^{s}})^{2}+\Vert u_{0}\Vert_{H^{s}}+2\Vert u_{1}\Vert_{H^{s-1}}0\leq j+k\leq n$ ’
(3.8)
$\Vert M_{2}(u, v)\Vert_{Y_{T}^{s}}\leq CT’\sum\Vert u\Vert_{Y_{T}^{s}}^{j}\Vert v\Vert_{Y_{T}^{s}}^{k}(\Vert u\Vert_{X^{s}}+\Vert v\Vert_{X^{s}})^{2}+\Vert v_{0}\Vert_{H^{s}}+2\Vert v_{1}\Vert_{H^{s-1}}0\leq j+k\leq n$
(3.9)
. , $C$ $s,$ $a(t),$ $h_{i}(i=1,2, \ldots, 8)$ .
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. (3.8) . $M$ , ,
$||M_{1}(u,$ $v)||_{Y_{T}^{s}}=||f_{0}+ \int_{0}^{t}U(t-\alpha)a_{T}(\alpha)A(u,$ $V|\alpha,$ $x)d\alpha||_{L^{\infty}([-T,T|;H_{x}^{s})}$
$\leq||f_{0}||_{L^{\infty}([-T,T];H_{x}^{s})}+C_{s}(||\int_{0}^{t}U(t-\alpha)a_{T}(\alpha)A(u,$ $v;\alpha,$ $x)d\alpha||_{L^{\infty}([-T,T];L_{x}^{2})}$
$+|||D_{x}|^{S} \int_{0}^{t}U(t-\alpha)a_{T}(\alpha)A(u,$ $V|\alpha,$ $x)d\alpha||_{L^{\infty}([-T,T];L_{x}^{2})})$
. 3
$\Vert|D_{x}|^{s}\int_{0}^{t}U(t-\alpha)a_{T}(\alpha)A(u, v;\alpha, x)d\alpha\Vert_{L^{\infty}([-T,T];L_{x}^{2})}$
$\leq\Vert\Vert\int_{0}^{t}|D_{x}|^{s-1}a_{T}(\alpha)(A(u, v;\alpha, x+t-\alpha)-A(u, v;\alpha, x-t+\alpha))d\alpha\Vert_{L_{x}^{2}}\Vert_{L^{\infty}[-T,T]}$
$\leq\Vert 2\int_{0}^{T}\Vert|D_{x}|^{s-1}a_{T}(\alpha)A(u, v;\alpha, x)\Vert_{L_{x}^{2}}d\alpha\Vert_{L^{\infty}[-T,T]}$
$\leq 2\sqrt{T}\Vert a_{T}(t)A(u, v;t, x)\Vert_{X_{1}^{s-1}}$
. , , 2
$\Vert\int_{0}^{t}U(t-\alpha)a_{T}(\alpha)A(u, v;\alpha, x)d\alpha\Vert_{L([-T,T];L_{x}^{2})}\infty$
$\leq\Vert\int_{0}^{T}\Vert\int_{x-(t-\alpha)}^{x+t-\alpha}a_{T}(\alpha)A(u, v;\alpha, y)dy\Vert_{L_{x}^{2}}d\alpha\Vert_{L^{\infty}[-T,T]}$
$\leq\Vert\int_{0}^{T}\int_{-(t-\alpha)}^{t-\alpha}\Vert a_{T}(\alpha)A(u, v;\alpha, x+y)\Vert_{L_{x}^{2}}dyd\alpha\Vert_{L^{\infty}[-T,T]}$
$\leq\Vert 2\sup_{\alpha\in[0,T]}|t-\alpha|\int_{0}^{T}\Vert a_{T}(\alpha)A(u, v;\alpha, x)\Vert_{L_{x}^{2}}d\alpha\Vert_{L^{\infty}[-T,T]}$
$\leq 2\Vert\sup_{\alpha\in[0,T]}|t-\alpha|\sqrt{T}\Vert a_{T}(t)A(u, v;t, x)\Vert_{X_{1}^{s-1}}\Vert_{L^{\infty}[-T,T]}$
$\leq 4T^{3’ 2}\Vert a_{T}(t)A(u, v;t, x)\Vert_{X_{1}^{s-1}}$
. 1 ,
$\Vert$ foll $L^{\infty}([-T,T];H_{x}^{s})\leq\Vert u_{0}\Vert_{H^{s}}+2\Vert u_{1}\Vert_{H^{s-1}}+2T\Vert u_{1}\Vert_{H^{s- 1}}$ .
. , 3.1 , . I
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333/2 $<s\leq 2$ , $(u, v),$ $(\tilde{u},\tilde{v})\in(X_{\rho}^{s}\cap Y_{\rho,T}^{S})\cross(X_{\rho}^{s}\cap Y_{\rho,T}^{s})$ .
, $h(u, v)$ $u,$ $v$ $n$ . ,
$\Vert a_{T}(t)\{h(u, v)Q(u, v)-h(\tilde{u},\tilde{v})Q(\tilde{u},\tilde{v})\}\Vert_{X_{1}^{s-1}}$
$\leq CT’\{(K(u,\tilde{u}, v)\Vert u-\tilde{u}\Vert_{Y_{T}^{S}}+K(v,\tilde{v},\tilde{u})\Vert v-\tilde{v}\Vert_{Y_{T}^{S}})\Vert u\Vert_{X^{s}}\Vert v\Vert_{X^{s}}$
$+h(\Vert\tilde{u}\Vert_{Y_{T}^{s}}, \Vert\tilde{v}\Vert_{Y_{T}^{s}})(\Vert u-\tilde{u}\Vert_{X^{s}}\Vert v\Vert_{X^{s}}+\Vert\tilde{u}\Vert_{X^{s}}\Vert v-\tilde{v}\Vert_{X^{s}})\}$ (3.10)
$\Vert\int_{0}^{t}U(t-\alpha)a_{T}(\alpha)\{h(u, v)Q(u, v)-h(\tilde{u},\tilde{v})Q(\tilde{u},\tilde{v})\}d\alpha\Vert_{Y_{T}^{s}}$
$\leq CT’\{(K(u,\tilde{u}, v)\Vert u-\tilde{u}\Vert_{Y_{T}^{s}}+K(v,\tilde{v},\tilde{u})\Vert v-\tilde{v}\Vert_{Y_{T}^{s}})\Vert u\Vert_{X^{s}}\Vert v\Vert_{X^{s}}$
$+h(\Vert\tilde{u}\Vert_{Y_{T}^{s}}, \Vert\tilde{v}\Vert_{Y_{T}^{S}})(\Vert u-\tilde{u}\Vert_{X^{s}}\Vert v\Vert_{X^{s}}+\Vert\tilde{u}\Vert_{X^{s}}\Vert v-\tilde{v}\Vert_{X^{S}})\}$ (3.11)
. ,
$K(p, q, r)= \sum||r\Vert_{Y_{T}^{s}}^{i}(\Vert p\Vert_{Y_{T}^{s}}^{j-1}+\Vert p\Vert_{Y_{T}^{s}}^{j-2}\Vert q\Vert_{Y_{T}^{s}}+\Vert p\Vert_{Y_{T}^{s}}^{j-3}\Vert q\Vert_{Y_{T}^{s}}^{2}+\cdots+\Vert q\Vert_{Y_{T}^{\theta}}^{j-1})1\leq i+j\leq n$ ’
$T’= \max\{T^{3/2}, T, T^{1/2}\},$ $C$ $s$ $h$ .
. ,
$\Vert a_{T}(t)\{h(u, v)Q(u, v)-h(\tilde{u},\tilde{v})Q(\tilde{u},\tilde{v})\}\Vert_{X_{1}^{s-1}}$
$\leq C(\Vert h(u,$ $v)-h(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}\Vert a_{T}(t)Q(u,$ $v)\Vert_{X_{1}^{s-1}}$
$+\Vert h(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}\Vert a_{T}(t)\{Q(u,$ $v)-Q(\tilde{u},\tilde{v})\}\Vert_{X_{1}^{s-1}})$ . $($3.12 $)$
$h(u, v)= \sum_{0\leq i+J\leq n}c_{i,j}u^{i}v^{j}$ ,
$\Vert h(u, v)-h(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}\leq\Vert h(u, v)-h(\tilde{u}, v)\Vert_{Y_{T}^{s}}+\Vert h(\tilde{u}, v)-h(\tilde{u},\tilde{v})\Vert_{Y_{T}^{s}}$ (3.13)
$\leq\Vert(u-\tilde{u}1)\leq i+j\leq n$
$+\Vert(v-\tilde{v}1)\leq i+j\leq n$
$\leq C\max_{1\leq i+j\leq n}|c_{i,j}|(K(u,\tilde{u}, v)\Vert u-\tilde{u}\Vert_{Y_{T}^{s}}+K(v,\tilde{v},\tilde{u})\Vert v-\tilde{v}\Vert_{Y_{T}^{s}})$ .
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. , 22 ,
$\Vert a_{T}(t)\{Q(u, v)-Q(\tilde{u},\tilde{v})\}\Vert_{X_{1}^{s-1}}$ (3.14)
$\leq\Vert a_{T}(t)Q(u-\tilde{u}, v)\Vert_{X_{1}^{-1}}+\Vert a_{T}(t)Q(\tilde{u}, v-\tilde{v})\Vert_{X_{1}^{-1}}$
$\leq CT’(\Vert u-\tilde{u}\Vert_{X^{s}}\Vert v\Vert_{X^{s}}+\Vert\tilde{u}\Vert_{X^{s}}\Vert v-\tilde{v}\Vert_{X^{s}})$ .
, (3.12), (3.13), (3.14) . , (3.11)
. I
L7. . $u,$ $v\in X_{\rho}^{s}$ $Y_{\rho,T}^{S}$ , $M_{1}(u, v)|_{t=0}=u_{0}(x),$ $\partial_{t}M_{1}(u, v)|_{t=0}=$
$u_{1}(x)$ . , $\Vert M_{1}(u, v)|_{t=0}\Vert_{H^{s}}+\Vert\partial_{t}M_{1}(u, v)|_{t=0}\Vert_{H^{s-1}}\leq\rho/8$ .
, 3.1, 32 ,
$\Vert\square M_{1}(u, v)\Vert_{X_{1}^{s-1}}\leq CT’\sum_{0\leq j+k\leq n}j^{+k+2}$
, $\Vert M_{1}(u, v)\Vert_{Y_{T}^{s}}\leq CT’\sum j^{+k+2}+\frac{3\rho}{8}0\leq j+k\leq n$
. , $T>0$ , $M_{1}(u, v)\in X_{\rho}^{s}\cap Y_{\rho,T}^{s}$ .
, $M_{2}(u, v)\in X_{\rho}^{s}\cap Y_{\rho,T}^{s}$ , (3.4) . , 3.1,
32, 33 , (3.5) . I
4
, . , $\varphi(t, x)\in C_{0}^{\infty}(\mathbb{R}^{2})$
(to, $x_{0}$ ) $\varphi\equiv 1$ . , $\chi(\tau, \xi)$ , $0$ ,
$\epsilon>0$ $|(\tau, \xi)|>\epsilon$ $0$ , , $(\tau_{0}, \xi_{0})$
$\chi\equiv 1$ . , $p(t, x, \tau, \xi)=\varphi(x+(\xi/\tau)t)\chi(\tau, \xi)$
$Pf(t, x)= \int_{\mathbb{R}^{2}}p(t, x, \tau, \xi)\hat{f}(\tau, \xi)e^{i(t\tau+x\xi)}d\tau d\xi$ (4.1)
. , $\square$ $P$ $[\square , P]=$ $P-P\square$
$(\xi^{2}/\tau^{2}-1)\varphi’’(x+(\xi\tau)t)\chi$ , $0$ .
( [9] ).
4.1 $3/2<s\leq 2,$ $P$ (4.1) , $(u, v)$ $T>0$
, $(X_{\rho}^{S}\cap Y_{\rho,T}^{S})\cross(X_{\rho}^{s}$ $Y_{\rho,T}^{s})$ (1.1) . $0<\delta<T$
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$0\leq\epsilon<s-1$ , $|t|<T-\delta$ ,
$||a_{\delta}(t)\Lambda_{\tilde{t}_{1}x}^{s-2+\epsilon}\sim(P(\partial_{t}\pm\partial_{x})h(u,$ $v)Q(u,$ $V))(t-t)\sim||_{L_{\tilde{t}_{r}x}^{2}}$
$\leq C_{1}(||u||_{X}s,$ $||V||_{X^{s})}||u||_{Y_{T}^{s}},$ $||V||_{Y_{T}^{s}})||a_{\delta}(t)\Lambda_{\tilde{t},x}^{s-1+\epsilon}Pu_{\pm}\sim(t-t\sim,$ $x)||_{L_{\tilde{t},x}^{2}}$
$+C_{2}(||u||_{X^{s}},$ $||v||_{X^{s}},$ $||u||_{Y_{T}^{s}},$ $||v||_{Y_{T}^{s}})||a_{\delta}(t)\Lambda_{\tilde{t},x}^{s-1+\epsilon}Pv_{\pm}(t\sim-t\sim,$ $x)||_{L\frac{2}{t}},x$
$+C_{3}(||u||_{X^{s}},$ $||v||_{X^{s}},$ $||u||_{Y_{T}^{s}},$ $||v||_{Y_{T}^{s}})$ , (4.2)
. , $u\pm=(\partial_{t}\pm\partial_{x})u,$ $v\pm=(\partial_{t}\pm\partial_{x})v$ , Ci $(\Vert u\Vert_{X^{s}}, \Vert v\Vert_{X^{s}}, \Vert u\Vert_{Y_{T}^{s}}, \Vert v\Vert_{Y_{T}^{s}})$
$(i=1,2,3)$ $\Vert u\Vert_{X^{s}},$ $\Vert v\Vert_{X^{s}},$ $\Vert u\Vert_{Y_{T}^{s}},$ $\Vert v\Vert_{Y_{T^{S}}}$ .
. $Q(u, v)=Q_{0}(u, v)$ . $b(\tilde{t})\in C_{0}^{\infty}(\mathbb{R})$ $suppb\subset\{|\tilde{t}|<T\}$
$|\tilde{t}|\leq\delta+\delta$’ , $b\equiv 1$ . , $\delta$’ $|t|<\delta’<T-\delta$
. , $|t|<\delta’$
$\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t}x,|}^{s-2+\epsilon}(P(\partial_{t}\pm\partial_{x})h(u, v)Q_{0}(u, v))(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$ (4.3)
$=\Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-2+\epsilon}(P(\partial_{t}\pm\partial_{x})h(u, v)Q_{0}(u, v))(t-\tilde{t})\Vert_{L_{\tilde{t}_{J}x}^{2}}$
$\leq\Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{x}^{-2+\epsilon}\frac{s}{t},(Ph_{1}u\pm Q_{0}(u, v))(t-\tilde{t})\Vert_{L_{\tilde{t}x}^{2}})$
$+\Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-2+\epsilon}(Ph_{2}v_{\pm}Q_{0}(u, v))(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$
$+ \Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{x}^{-2+\epsilon}\frac{s}{t},(PhQ(u, v_{\pm}))(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$
$+ \Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{x}^{-2+\epsilon}\frac{s}{t},(PhQ(u_{\pm}, v))(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$
. , $h_{j}(j=1,2)$ $h$ . , (4.3) 1 2
. $[A, B]=AB-BA$ ,
$b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-2+\epsilon}(Ph_{1}u_{\pm}Q_{0}(u, v))(t-\tilde{t})$ (4.4)





, 4 . , $\eta=(\tilde{\tau}, \xi),$ $\eta’=(\tilde{\tau}’, \xi’)$
. ,




$= \int K_{1}(\eta, \eta’)\theta_{t}^{(1)}(\eta’)\theta_{t}^{(2)}(\eta-\eta’)d\eta$
’
. , $0\leq\epsilon<s-1$ ,
$\Vert\Lambda_{\tilde{t},x}^{s-2+\epsilon}(h_{1}bQ_{0}(u, v))(t-\tilde{t})a_{\delta}(\tilde{t})(Pu_{\pm})(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$
$\leq C\Vert\theta_{t}^{(1)}\Vert_{L_{\tilde{t},x}^{2}}\Vert\theta_{t}^{(2)}\Vert_{L_{\tilde{t}.x}^{2}}$
$\leq C’\Vert h_{1}bQ_{0}(u, v)\Vert_{H^{s-1}}$
$\cross(\Vert a_{\delta}(\tilde{t})\Lambda_{x}^{-1+\epsilon}\frac{s}{t},Pu_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}+\Vert[\Lambda_{\tilde{t},x}^{s-1+\epsilon}, a_{\delta}(\tilde{t})]Pu_{\pm}(t-\tilde{t})\Vert_{L\frac{2}{t}}))x$
. , (4.4) 1 3 ,
$\Vert b(t-\tilde{t})a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-2+\epsilon}(Ph_{1}u\pm Q_{0}(u, v))(t-\tilde{t})\Vert_{L\frac{2}{t}},x$
$\leq C_{1}(\Vert u\Vert_{X^{s}}, \Vert v\Vert_{X^{s}}, \Vert u\Vert_{Y_{T}^{S}}, \Vert v\Vert_{Y_{T}^{s}})\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-1+\epsilon}Pu_{\pm}(t-\tilde{t})\Vert_{L\frac{2}{t}})x$
$+C_{2}’(\Vert u\Vert_{X^{s}}, \Vert v\Vert_{X^{s}}, \Vert u\Vert_{Y_{T}^{s}}, \Vert v\Vert_{Y_{T}^{s}})$ . (4.5)
. (4.3) 3 , 4 . , $Q_{0}(u, v_{\pm})=12\{u_{+}(\partial_{t}-$
$\partial_{x})v\pm+u_{-}(\partial_{t}+\partial_{x})v\pm\}$ ,





























$\leq C_{3}’(\Vert u\Vert_{X^{s}}, \Vert v\Vert_{X^{s}}, \Vert u\Vert_{Y_{T}^{s}}, \Vert v\Vert_{Y_{T}^{s}})\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{s-2+\epsilon}Pv_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}_{!}x}^{2}}$
$+C_{4}’(\Vert u\Vert_{X^{s}}, \Vert v\Vert_{X^{s}}, \Vert u\Vert_{Y_{T}^{s}}, \Vert v\Vert_{Y_{T}^{s}})$ . (4.8)
. , (4.5) (4.8) . I
, .
18. $u_{\pm}=(\partial_{t}\pm\partial_{x})u,$ $v\pm=(\partial_{t}\pm\partial_{x})v$ . $\Gamma$
, $\partial_{t}+\partial_{x},$ $\partial_{t}-\partial_{x}$ , $|t|<T$
$u,$ $v\in H_{ml}^{r}(\Gamma)$ , $u_{\pm},$ $v\pm\in H_{ml}^{r-1}(\Gamma)$ . , $a(t)\in C_{0}^{\infty}$
(4.1) $P$ , $a(t)P$ $0$ , $\Gamma$ ,
$Pu_{\pm)}Pv\pm\in H_{loc}^{r-1}$ . $\partial_{t}\pm\partial_{x}$ (1.1) 1
,
$u_{\pm}=(\partial_{t}\pm\partial_{x})F(u, v, \partial u, \partial v)$ . (4.9)
, $P$ (4.9) ,
Pu$\pm=$ $[$ $, P]u_{\pm}+P(\partial_{t}\pm\partial_{x})F(u, v, \partial u, \partial v)$ (4.10)
. , $E(t;u, v)$ .
$E(t;u, v)\equiv\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\tilde{t}}Pu_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}x}^{2}}^{2}+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t}x,|}^{r-2}\partial_{x}Pu_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}x}^{2}}^{2})|$
$+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t}_{1}x}^{r-2}Pu_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\tilde{t}}Pv\pm(t-\tilde{t})\Vert_{L_{\tilde{t}_{l}x}^{2}}^{2}$
$+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{x}Pv_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}Pv_{\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}_{l}x}^{2}}^{2}$ ,
, A $=\langle D\rangle,$ $r<2s-1,0<\delta<T,$ $a_{\delta}(t)=a(t’\delta)$ .
, , $|t|<T$ $E(t;u, v)<\infty$
. $\varphi\in C_{0^{\infty}}(\mathbb{R})$ , $\int\varphi(x)dx=1$ , $\varphi_{\omega}(x)=\frac{1}{\omega}\varphi(\frac{x}{\omega})$ ,
$u_{0}^{\omega}=\varphi_{\omega}*u_{0},$ $u_{1}^{\omega}=\varphi_{\omega}*u_{1},$ $v_{0}^{\omega}=\varphi_{\omega}*v_{0},$ $v_{1}^{\omega}=\varphi_{\omega}*v_{1}$ . $f_{0}^{\omega}(t, x)= \frac{1}{2}\{u_{0}^{\omega}(x+$
$t)+u_{0}^{\omega}(x-t) \}+\frac{1}{2}\int_{x-t}^{x+t}u_{1}^{\omega}(y)dy,$ $g_{0}^{\omega}(t, x)= \frac{1}{2}\{v_{0}^{\omega}(x+t)+v_{0}^{\omega}(x-t)\}+\frac{1}{2}\int_{x-t}^{x+t}v_{1}^{\omega}(y)dy$
, $(u_{\omega}, v_{\omega})$
$u_{\omega}=f_{0}^{\omega}(t, x)+ \int_{0}^{t}U(t-\alpha)a_{T}(\alpha)(\varphi_{\omega}*A(u_{\omega}, v_{\omega}))d\alpha$ , (4.11)
$v_{\omega}=g_{0}^{\omega}(t, x)+ \int_{0}^{t}U(t-\alpha)a_{T}(\alpha)(\varphi_{\omega}*B(u_{\omega}, v_{\omega}))d\alpha$ (4.12)
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. , $\omegaarrow 0$
$\Vert u-u_{\omega}\Vert_{X^{s}}arrow 0,$ $\Vert u-u_{\omega}\Vert_{Y_{T}^{S}}arrow 0,$ $\Vert v-v_{\omega}\Vert_{X^{S}}arrow 0$ , $\Vert v-v_{\omega}\Vert_{Y_{T}^{S}}arrow 0$ (4.13)
, $0<\forall_{\omega}\leq 1$ $\Vert u_{\omega}\Vert_{X^{S}}\leq C\Vert u\Vert_{X^{s}},$ $\Vert u_{\omega}\Vert_{Y_{T}^{s}}\leq C\Vert u\Vert_{Y_{T}^{s}},$ $\Vert v_{\omega}\Vert_{X^{s}}\leq$
$C\Vert v\Vert_{X^{s}},$ $\Vert v_{\omega}\Vert_{Y_{T}^{S}}\leq C\Vert v\Vert_{Y_{T}^{s}}$ ( , $C$
$)$ . , $E(t;u_{\omega}, v_{\omega})$ . $u_{\omega},$ $v_{\omega}\in C^{\infty}$ , $E(t;u_{\omega}, v_{\omega})<\infty$
. ,
$\frac{1}{2}\frac{dE(t;u_{\omega},v_{\omega})}{dt}$
$=-{\rm Re}\langle a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pu_{\omega,\pm}(t-\tilde{t}),$ $a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\tilde{t}}(Pu_{\omega,\pm}(t-\tilde{t}))\}$
$+{\rm Re} \langle a_{\delta}(\tilde{t})\Lambda_{x}^{-2}\frac{r}{t},\partial_{t}(Pu_{\omega_{1}\pm}(t-\tilde{t})),$ $a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}Pu_{\omega,\pm}(t-\tilde{t})\rangle$
- ${\rm Re}\langle a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pv_{\omega,\pm}(t-\tilde{t}),$ $a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\overline{t}}(Pv_{\omega,\pm}(t-\tilde{t}))\rangle$
$+{\rm Re}\langle a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{t}(Pv_{\omega,\pm}(t-\tilde{t})),$ $a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}Pv_{\omega,\pm}(t-\tilde{t})\rangle$
$\leq\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pu_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}_{I}x}^{2}}\cdot\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\tilde{t}}(Pu_{\omega,\pm}(t-\tilde{t}))\Vert_{L_{\tilde{t}_{l}x}^{2}}$
$+ \Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{t}(Pu_{\omega,\pm}(t-\tilde{t}))\Vert_{L_{x}\}}\frac{2}{t},\cdot\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t}x}^{r-2}Pu_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}$
$+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pv_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}\cdot\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{\tilde{t}}(Pv_{\omega,\pm}(t-\tilde{t}))\Vert_{L\frac{2}{t}},x$
$+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\partial_{t}(Pv_{\omega,\pm}(t-\tilde{t}))\Vert_{L_{\tilde{t}_{I}x}^{2}}\cdot\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}Pv_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t}_{i}x}^{2}}$
$\leq\frac{1}{2}\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pu_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}+\frac{1}{2}\Vert a_{\delta}(\tilde{t})\Lambda_{x}^{-2}\frac{r}{t}\square Pv_{\omega,\pm}(t-\tilde{t}))\Vert_{L_{\tilde{t},x}^{2}}^{2}$
$+3E(t;u_{\omega},$ $v_{\omega})$ ,
. , $u_{\omega,\pm}=(\partial_{t}\pm\partial_{x})u_{\omega},$ $v_{\omega\pm,)}=(\partial_{t}\pm\partial_{x})v_{\omega}$ . (4.10) ,
$\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}\square Pu_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}$
$\leq\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}[\square , P]u_{\omega,\pm}(t-\tilde{t})\Vert_{L_{x}}^{2_{\frac{2}{t}}}\}$
$+\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}P(\partial_{t}\pm\partial_{x})F(u_{\omega}, v_{\omega}, Du_{\omega}, Dv_{\omega})(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}$ .
. , $r<2s-1$ $[$ $, P]$ $0$ ,
$\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}$ $[$ , $P]u_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2}}^{2}<\infty$ .
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4.1 , $\delta<T,$ $|t|<T-\delta,$ $r<2s-1$ ,
$\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t},x}^{r-2}P(\partial_{t}\pm\partial_{x})A(u_{\omega}, v_{\omega})(t-\tilde{t})\Vert_{L_{\tilde{t}x}^{2}}^{2}|$ (4.14)
$\leq(C_{1}\Vert a_{\delta}(\tilde{t})\Lambda_{\tilde{t}_{1}x}^{r-1}Pu_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2^{+}}}C_{2}\Vert a_{\delta}(\tilde{t})\Lambda_{x}^{-1}\frac{r}{t},Pv_{\omega,\pm}(t-\tilde{t})\Vert_{L_{\tilde{t},x}^{2^{+}}}C_{3})^{2}$
$\leq C_{4}E(t;u_{\omega}, v_{\omega})+C_{5}$ .
, Ci $(i=1,2,3,4,5)$ $\Vert u\Vert_{X^{s}},$ $\Vert v\Vert_{X^{s}},$ $\Vert u\Vert_{Y_{T}^{S}},$ $\Vert v\Vert_{Y_{T}^{s}}$ .
, $\delta<T,$ $|t|<T-\delta$
$\frac{dE(t;u_{\omega},v_{\omega})}{dt}\leq C_{1}’E(t;u_{\omega}, v_{\omega})+C_{2}$
. , C\’i, $C_{2}’$ $\Vert u\Vert_{X^{s}},$ $\Vert v\Vert_{X^{s}},$ $\Vert u\Vert_{Y_{T}^{S}},$ $\Vert v\Vert_{Y_{T}^{s}}$ . ,
,
$E(t, u_{\omega}, v_{\omega}) \leq e^{C_{1}’t}\{E(0, u_{\omega}, v_{\omega})+\frac{C_{2}’}{ci}(1-e^{-C_{1}’t})\}$ (4.15)
. , ,
$E(O, u_{\omega}, v_{\omega})\leq CE(O, u, v)$ , $\lim_{\omegaarrow 0}E(t;u_{\omega}, v_{\omega})=E(t;u, v)$
, $\delta<T,$ $|t|<T-\delta$
$E(t;u, v) \leq e^{C_{1}’t}\{CE(0, u, v)+\frac{C_{2}’}{C_{1}}(1-e^{-C_{1}’t})\}<\infty$
( $E(O,$ $u,$ $v)<\infty$ ). , $|t|<T-\delta$ ,
$r<2s-1$ , $Pu_{\pm},$ $Pv\pm\in H^{r-1}$ . , $\delta>0$
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